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ABSTRACT 

This  paper  presents  computational  investigation  of  air  flow  over  a  sedan.  This  work  presents  a  computational 
method  to  deduce  the  pressure  and  velocity  beneath  sedan.  The  study  is  done  on  two  dimensional  model  of  Honda  S  2000 
with  different  diffuser  angles  in  creo  parametric  and  analyzed  in  AN  SYS  FLUENT  to  obtain  the  surface  velocity  and 
pressure  distribution.  It  is  found  that  pressure  and  velocity  are  influenced  by  the  angle  of  diffuser.  The  fluid  used  for  this 
purpose  is  air. 
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INTRODUCTION 

A  few  years  ago  when  oil  crisis  was  not  a  problem,  cars  were  mainly  designed  for  high-speed  maneuvre, 
comfort  and  safety.  The  relevance  of  aerodynamic  study  of  vehicles  is  the  modification  of  car  external  to  improve 
the  car  overall  aerodynamic  characteristics  for  better  cruising  conditions,  greater  stability  of  navigation,  and  lower 
energy  consumption.  This  paper  proposes  an  effective  numerical  model  based  on  the  Computational  Fluid 
Dynamics  (CFD)  approach  to  obtain  the  flow  structure  around  a  passenger  car  with  a  diffuser.  A  diffuser  helps  to 
expand  the  high-velocity  flow  under  the  vehicle  in  the  low-velocity  ambient  air,  thereby  reducing  the  flow 
separation.  The  flow  field  is  determined  by  solving  two-dimensional  incompressible  Navier-Stokes  equations  while 
the  effects  of  turbulence  are  accounted  for  by  the  k-E  model. 

LITERATURE  REVIEW 

In  the  technical  review  presented  by  Satoshi  Katokaetal  [1]  the  aerodynamics  of  the  Lancer  Evolution  X  is 
evaluated  and  also  introduced  the  under  floor  air  guide,  a  new  aerodynamic  devices.  The  applied  aerodynamic 
technology  includes  the  nose  shape  like  that  of  a  shark,  cooling,  rear  spoiler  shape,  etc.  As  a  result  the  drag 
coefficient  and  lift  coefficient  values  are  less  than  that  of  the  Lancer  Evolution  IX.  Aerodynamics  of  road  vehicles  is 
studied  in  detail  by  Callister  and  George  [2].  Influence  of  different  diffuser  angle  on  sedan’s  aerodynamic 
characteristics  is  a  paper  presented  by  XingjunHu  et  al.  [3].  Here  they  adopted  the  method  of  CFD  to  study  the 
aerodynamic  characteristics  of  a  simplified  sedan  with  a  different  diffuser  angle.  The  diffuser  angle  was  set  to  0°, 
3°,  6°,  9.8°,  and  12°  respectively.  Chin-Hsiung  Tsaiaetal.  [4]  Have  studied  the  flow  around  Honda  S  2000  in  their 
paper  Computational  Aero-acoustic  analysis  of  a  passenger  car  with  a  rear  spoiler.  There  are  several  other  articles 
too  discussing  the  basics  of  CFD  and  car  aerodynamics  [5-15],  which  will  be  helpful  to  understand  the  relevance  of 
vehicle  aerodynamics. 
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MODEL  PREPARATION 


Applying  the  fundamental  laws  of  mechanics  to  a  fluid  gives  the  governing  equations  for  a  fluid. 
The  conservation  of  mass  equation  is 


dp  |  d(pu,)  =  Q 
dt  dX[ 


(1) 


And  the  conservation  of  momentum  equation  is 


d(P“t)  .  d(p“i)  . 
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The  flow  is  assumed  to  be  incompressible  and  steady.  These  conditions  will  simplify  the  equations. 
These  questions  along  with  the  conservation  of  energy  equation  form  a  set  of  coupled,  nonlinear  partial  differential 
equations.  It  is  not  possible  to  solve  these  equations  analytically  for  most  engineering  problems.  However,  it  is  possible  to 
obtain  approximate  computer-based  solutions  to  the  governing  equations  for  a  variety  of  engineering  problems.  This  is  the 
subject  matter  of  Computational  Fluid  Dynamics.  The  first  step  in  solving  was  to  create  a  geometric  model.  The  models 
were  designed  using  Creo  Parametric  2.0  as  shown  in  Figure.  1. 


Figure  1:  Geometric  Model  of  Sedan  in  CREO 

The  coupled  solver  solves  the  governing  equations  of  continuity,  momentum  (where  appropriate)  energy, 
and  species  transport  simultaneously  (coupled  together).  Governing  equations  for  additional  scalars  will  be  solved 
sequentially  (i.e.,  segregated  from  one  another  and  from  the  coupled  set).  Because  the  governing  equations  are  non-linear 
and  coupled,  several  iterations  of  the  solution  loop  must  be,  performed  before  a  converged  solution  is  obtained. 
Each  iteration  consists  of  the  steps  and  is  explained  below  with  the  help  of  Figure.  2. 
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Figure  2:  Generalized  Flowchart  for  Solution 

•  Fluid  properties  are  updated,  based  on  the  current  solution,  (if  the  calculation  has  just  begun  the  fluid  properties 
will  be  updated  based  on  the  initialized  solution.) 

•  The  continuity  and  momentum  equations  are  solved  simultaneously. 

•  Whereas  the  appropriate  equations  for  scalars  such  as  turbulence  are  solved  using  the  previously  updated  values 
of  the  other  variables. 

•  When  the  interface  coupling  is  to  be  included  the  source  terms  in  the  appropriate  continuous  phase  equations  may 
be  updated  with  a  discrete  phase  trajectory  calculation. 

•  A  check  for  convergence  set  is  made. 

•  It  is  here  that  the  actual  execution  of  the  flow  simulation  begins. 

•  The  convergence  criteria  are  defined  such  that  the  solution  will  get  converged  when  the  value  of  all  residues  go 
below  0.001  (default  value). 

•  Now  the  model  is  ready  to  be  iterated. 

•  Thus  the  problem  can  be  solved  successfully. 

RESULTS  AND  DISCUSSIONS 

Current  models  were  designed  using  CREO  Parametric  2.0.  Then  it  was  imported  to  ANSYS  Fluent.  Three  cases 
were  selected  for  analysis  with  diffuser  anglesof7°,  8°  and9,8°.  Car  geometry  was  extruded  out  from  a  rectangular  control 
volume.  Flow  through  the  control  volume  was  then  analyzed.  The  model  was  meshed  for  the  purpose.  The  size  function  is 
a  feature  which  enables  us  to  set  a  gradient  as  desired,  so  as  to  vary  the  mesh  density  continuously  throughout  the  area. 
More  density  was  provided  near  the  boundary  of  the  car.  Meshed  pattern  is  created  in  all  cases.  Around  1200  nodes  are 
created  in  each  control  volume.  Fluid  considered  here  is  air  with  density  1.2256  Kg/m3  and  viscosity  1.714X10'5  Kg/ms. 
Inlet  fluid  velocity  is  given  as  lOOm/s.  An  outlet  pressure  boundary  of  1  bar  was  given.  Top  and  bottom  of  geometries  was 
assigned  wall  boundaries.  Continuity  and  energy  equations  were  solved  with  these  boundaries;  ANSYS  Fluent  was  the 
application  used  to  solve  domain.  SIMPLE  algorithm  was  used  to  solve  the  equations.  A  convergence  was  obtained  after 
1200  iterations.  Velocity  of  fluid  around  the  vehicle  and  coefficient  of  pressure  (COP)  was  obtained  as  results.  The  Figures 
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3-8  presents  the  contours. 
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Figure3:  COP  for  7°  Diffuser  Angle  (Case  1). 
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Figure4:  COP  for  8°  Diffuser  Angle  (Case  2). 
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Figure5:  COP  for  9.8°  Diffuser  Angle  (Case  3). 


Figure  6:  Velocities  for  7°  Diffuser  Angle  (Case  1). 
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Figure  7:  Velocities  for  8°  Diffuser  Angle  (Case  2) 
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Figure  8:  Velocities  for9.8°  diffuser  angle  (Case  3) 


CONCLUSIONS 


Diffuser  tries  to  increase  the  velocity  beneath  the  vehicle  and  merge  the  flow  with  downstream.  This  creates  a  low 
-pressure  region  underneath  and  the  pressure  differences  between  the  top  and  bottom  of  the  vehicle  will  increase.  This  will 
press  the  car  more  to  the  road  or  it  reduces  the  lift  on  the  car  and  increases  the  traction.  We  can  read  the  values  of  the 
coefficient  of  pressure  and  velocities  from  the  contours.  It  can  be  observed  that  pressure  is  almost  similar  up  to  the  middle 
part.  On  reaching  the  diffuser  it  varies  in  all  cases.  Same  is  the  case  with  velocity.  But  velocity  is  more  (459m/s  for  8°  and 
270m/s  for  9.8°)  air  pressure  is  low  beneath  the  sedan  in  the  8°  diffusers.  This  will  force  the  vehicle  more  to  the  ground  and 
thereby  be  giving  better  traction  and  fuel  efficiency.  So  it’s  better  to  use  an  8°  diffuser  angle  than  9.8°  or  7° diffuser  angle. 
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